The clinical course of breast cancer patients with brain metastases (BM) as only metastatic site (brain-only metastatic breast cancer (BO-MBC)) has been insufficiently explored. METHODS: All breast cancer patients with BM treated at our institution between 1990 and 2011 were identified. For each patient, full information on follow-up and administered therapies was mandatory for inclusion. Oestrogen receptor, progesterone receptor and Her2 status were determined according to standard protocols. Statistical analyses including computation of survival probabilities was performed. RESULTS: In total, 222 female patients (26% luminal; 47% Her2; 27% triple negative) with BM of MBC were included in this study. In all, 38/222 (17%) BM patients did not develop extracranial metastases (ECM) during their disease course and were classified as BO-MBC. Brain-only-MBC was not associated with breast cancer subtype or number of BM. The median overall survival of BO-MBC patients was 11 months (range 0-69) and was significantly longer than in patients with BM and ECM (6 months, range 0-104; P ¼ 0.007). In all, 7/38 (18%) BO-MBC patients had long-term survival of 43 years after diagnosis of BM and long-term survival was significantly more common in BO-MBC patients as compared with BM patients with ECM (Po0.001). CONCLUSIONS: Brain-only metastatic behaviour occurs in around 17% of breast cancer with BM and is not associated with breast cancer subtype. Exploitation of all multimodal treatment options is warranted in BO-MBC patients, as these patients have favourable prognosis and long-term survival is not uncommon.
Metastatic breast cancer (MBC) is the leading cause of cancer-related death in women (De Vita et al, 2012) . The overall survival (OS) of patients with MBC constantly improved over the past decades mainly due to advances in systemic treatment (Kiely et al, 2011) . Despite these advances, the development of brain metastases (BM) remains a severe and devastating complication decreasing quality of life and increasing morbidity and mortality (Weil et al, 2005) . The incidence seems to be rising as up to 40% of patients will develop BM during their course of disease (Weil et al, 2005; Pestalozzi et al, 2006) . Treatment options for patients with BM are limited. Local treatment approaches include surgery, radiosurgery and radiotherapy depending on number of BM, status of systemic disease and performance status of the patient (Lin et al, 2004) . Although some trials postulate a positive impact of systemic treatment, the true effect of systemic therapy approaches on BM remains unclear (Bartsch et al, 2007 Lin et al, 2008) . Survival of BM patients varies with breast cancer subtypes, however, the median OS remains limited ranging from 3.5 to a maximum of 25.3 months (Sperduto et al, 2012) .
Despite the general poor prognosis, we observed patients with BM from MBC with long-term survival of 436 months after the first diagnosis of BM at our institution. As some patients presented with isolated brain metastatic disease in the absence of extracranial disease (brain-only (BO) MBC) during their course of disease, we hypothesised that patients with BO metastatic behaviour might be a distinct entity.
We undertook this study to define the clinical characteristics and course of patients with BO-MBC and to compare it to patients with BM and extracranial metastatic disease.
MATERIALS AND METHODS

Patients
We identified all breast cancer patients with BM treated at our institution between 1990 and 2011. Diagnosis of BM was performed by cranial computed tomography and/or cranial magnetic resonance imaging (MRI). All patients were treated according to the current evidence-based standard of care for systemic disease as well as for BM. Treatment approaches included radiosurgery, (whole brain) radiation therapy, surgical approaches, targeted as well as endocrine therapy and chemotherapeutic agents. For each patient, full information on clinical characteristics, follow-up and administered therapies was mandatory for inclusion.
Breast cancer subtypes
Oestrogen receptor (ER), progesterone receptor (PR) and Her2 status were assessed by immunohistochemistry (ERa antibody, clone 1D5, Dako A/S, Glostrup, Denmark; and PR antibody, Dako A/S, Herceptest; Dako A/S) with a fully automated multi-modal slide-staining system (Ventana Benchmark ULTRA, Ventana, Tucson, AZ, USA). Oestrogen receptor, PR and Her2 status were determined according to standard protocols (Wolff et al, 2007; Hammond et al, 2010) . Breast cancer subtypes were defined as luminal subtype in the presence of ER and/or PR expression and the absence of Her2 expression, as Her2 subtype in the presence of Her2 expression regardless of ER and PR expression, and as triplenegative subtype in the absence of ER, PR and Her2 expression.
Study endpoints
Brain-only-MBC patients were defined as breast cancer patients with BM and the absence of extracranial metastases (ECM) during the entire course of the disease. We assessed the incidence of BO-MBC in relation to clinical characteristics including patient age, breast cancer subtypes (Her2-positive, triple-negative and luminal subtypes), number of BM and evaluated OS times. Overall survival was defined as time from first diagnosis of BM by computed tomography and/or MRI scan till death of any cause.
Statistical analysis
For correlation of two parameters the w 2 test was used. Two-tailed P-values p0.05 were considered to indicate statistical significance. For univariate survival analysis the Kaplan-Meier product limit method was used. To test differences between curves the log-rank test was applied. For multivariable survival analysis a Cox regression model was used. All statistics were calculated using statistical package for the social sciences (SPSS) 17.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Patients characteristics
In total, 222 female patients with a median age of 49 years at first diagnosis of breast cancer (range 26-79) and a median age of 53 years at first diagnosis of BM (range 26-83) were included in this study. All patients presented with symptomatic BM as none of the patients underwent screening for BM. Median time from first diagnosis of breast cancer to diagnosis of BM was 46.9 months (range 0-200). In all, 98/222 (44%) had neurosurgical resection and 22/222 (10%) radiosurgery as first local treatment approach for BM. In total, 180/222 (81%) were treated with whole brain radiotherapy (WBRT). In all, 73/180 (41%) patients received WBRT as adjuvant therapy after neurosurgical resection, 30/180 (17%) after radiosurgery and 77/180 (43%) as the only local treatment approach for BM. Overall, 85/180 (38%) received systemic therapy after diagnosis of BM. 
Overall survival
The median OS from diagnosis of BM in the entire cohort was 11.8 months (range 0-104). Overall survival in luminal subtype was 9 months, 7 months in Her2 subtype and 6 months in triple-negative subtype (P ¼ 0.47; log-rank test). At a median follow-up of 7 months after first diagnosis of BM (range 0-104) 202/222 (91%) patients had died. The median OS of BO-MBC patients was 11 months (95% CI 8.5-13.5) and was therefore significantly longer than in patients with BM and ECM (6 months; 95% CI 3.8-8.2; P ¼ 0.007, log-rank test) (Figure 1 ). In multivariable analysis with diagnosis-specific GPA and number of BM, BO metastatic behaviour remained a significant prognostic factor of OS (hazard ratio 0.6; P ¼ 0.029; Cox regression model). In the BO-MBC cohort, Karnofsky performance status 470 (P ¼ 0.02; log-rank test), single BM (Po0.001; log-rank test) and ER expression (P ¼ 0.014; logrank test) were associated with favourable OS in univariate analysis and included into multivariate analysis. In multivariate analysis Karnofsky performance status 470 (hazard ratio 0.07; P ¼ 0.01; Cox regression model) and single BM (hazard ratio 0.13; P ¼ 0.003; Cox regression model) remained significant (Table 2) . In all, 7/38 (18%) BO-MBC patients had long-term survival of 43 years after diagnosis of BM. Compared with patients with the presence of extracranial disease, long-term survival was significantly more common in BO-MBC patients (Po0.001; w 2 test).
DISCUSSION
Our data show that BO-MBC is a distinct clinical breast cancer entity with favourable median OS time of 11 months compared with 6 months in BM patients with additional ECM. Interestingly, we observed survival of 436 months in 7/38 (18%) patients with BO-MBC, indicating that long-time survival is possible and not uncommon in this patient population. Our data stress that intensive therapy with exploitation of all multimodal treatment approaches is warranted in breast cancer patients presenting with metastatic disease confined to the central nervous system. This conclusion is well in line with the situation in non-small cell lung cancer, where stage IV patients with exclusive oligometastatic cerebral disease and limited primary tumour also constitute a good prognosis subgroup that can be treated with curative intent (Pfannschmidt and Dienemann, 2010) . High Karnofsky index, the presence of only one BM and positive ER expression were favourable prognostic factors in our cohort of BO-MBC patients and may help to adapt clinical management strategies. The pathobiological explanation for BO metastatic involvement in breast cancer remains unclear. Previous studies have shown that the Her2-positive and the triple-negative breast cancer subtypes are characterised by relatively high incidences of BM (Kennecke et al, 2010) . However, in our study we found no correlation of Abbreviations: BM ¼ brain metastases; BO ¼ brain-only; DS-GPA ¼ diagnosis-specific graded prognostic assessment; ECM ¼ extracranial metastases; OS ¼ overall survival; WBRT ¼ whole brain radiotherapy. Figure 1 Overall survival from diagnosis of BM in patients with BO metastatic behaviour (11 months; 95% confidence interval (CI) 8.47-13.59) compared with patients with present ECM (6 months; 95% CI 3.81-8.19). breast cancer subtype with BO metastatic behaviour. The distribution of breast cancer subtypes within our BO-MBC cohort was equalised, as approximately one third of the patients belonged to the Her2-positive, one third to the triple-negative and one third the luminal subtype, respectively. It is interesting to note that prior trastuzumab-based therapy did not correlate with BO metastatic behaviour, although trastuzumab is thought to favour the development of BM owing to its inability to cross the blood-brain barrier (Bendell et al, 2003; Musolino et al, 2011) . Patients with triple-negative and luminal breast cancer subtypes developed BM significantly earlier during their disease course than patients with Her2-positive disease in our study . Further studies are needed to clarify the molecular mechanisms of the selective brain tropism of metastatic spread in some breast cancer patients. As postulated by the 'seed and soil' hypothesis, the development of this distinct metastatic behaviour may be explained by the interaction between specific tumour cells ('the seed') and the microenvironment of the brain ('the soil') (Fidler, 2011) . So far, only a few studies focusing on BM as first site of recurrence were conducted (Boogerd et al, 1993 (Boogerd et al, , 1997 Niwinska et al, 2011; Dawood et al, 2012) . Dawood et al (2012) documented a high incidence of BM as first site of recurrence in a population of triple-negative breast cancer patients with stage I to III, but in contrast to our study, no further analysis of the clinical course after diagnosis of BM was performed. Boogerd et al (1993) showed that breast cancer patients with single BM in the absence of ECM have improved OS after intensive local treatment compared with BM patients with ECM at first diagnosis of BM. However, in this study no differentiation of breast cancer subtypes and characterisation of prognostic factors was performed. To our knowledge, our study is the first to investigate the incidence and clinical course of contemporary breast cancer patients with BM as first site of recurrence with a focus on patients with BO-MBC.
However, our study has some limitations that have to be considered in the interpretation of the data. First, only retrospectively collected data were available for our analysis and we included patients diagnosed and treated with MBC over a long period (1990-2011) . Changes in clinical management such as the introduction of new therapy standards (e.g., trastuzumab, lapatinib for Her2-positive MBC) or diagnostic procedures (e.g., cranial MRT) during this period may have influence our results. However, the date of diagnosis of both groups, BO-MBC and BM with ECM, was distributed evenly over the entire study period making a bias arising from differences in clinical management improbable. In any case, analysis of data from prospective clinical trials might be useful to validate our findings.
In our series, 60/222 (27%) patients had BM as first site of recurrence and more than one third of these patients, i.e., 22/60 (37%) developed ECM after diagnosis of BM. Overall, 38/222 (17%) patients experienced BO metastatic disease in the absence of ECM during their course of disease. Our data show that patients with BO metastatic behaviour represent a distinct clinical entity with a better survival prognosis from diagnosis of BM compared with BM patients with additional ECM. We could not identify any factors predicting for BO metastatic behaviour, but identified high Karnofsky index, the presence of only one BM and positive ER status as favourable prognostic factors in BO-MBC patients. As long-term survival is not uncommon and was achieved in a fifth of BO-MBC patients, exploitation of all multimodal treatment options is warranted in patients with BM as first site of recurrence. Future studies are needed to clarify the role of systemic therapies with novel targeted agents in relation to established local therapy approaches like neurosurgery, radiosurgery and radiotherapy.
